Rescue of the skeletal phenotype of vitamin D receptor-ablated mice in the setting of normal mineral ion homeostasis: formal histomorphometric and biomechanical analyses.
1,25-Dihydroxyvitamin D3 has been shown to play an important role in vitro in regulating osteoblast gene transcription and promoting osteoclast differentiation. To address the role of the vitamin D receptor (VDR) in skeletal homeostasis, formal histomorphometric analyses were performed in VDR null mice in the setting of impaired mineral ion homeostasis as well as in VDR null mice in whom normal mineral ion homeostasis had been preserved. In hypocalcemic VDR null mice, there was an increase in bone volume as a result of a dramatic increase in osteoid. There was also an increase in the number of osteoblasts without a significant change in the number of osteoclasts. Examination of the growth plate revealed marked disorganization, with an increase in vascularity and matrix. Biomechanical parameters demonstrated increased bone fragility in the hypocalcemic VDR null mice. In the VDR ablated mice in whom normal mineral ion homeostasis had been preserved, none of these measurements was significantly different from those in wild-type littermates raised under identical conditions. Notably, the morphology and width of the growth plate were indistinguishable from those in wild-type controls, demonstrating that a calcium/phosphorus/lactose-enriched diet started at 16 days of age in the VDR null mice permits the development of both normal morphology in the growth cartilage and adjacent metaphysis and normal biomechanical competence of cortical bone. Thus, the principle action of the VDR in skeletal growth, maturation, and remodeling is its role in intestinal calcium absorption. The skeletal consequences of VDR ablation are a result of impaired intestinal calcium absorption and/or the resultant secondary hyperparathyroidism and hypophosphatemia.